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Abstract 
A numerical simulation method using dynamic mesh for two-dimensional synthetic jet flow was developed, in which 
dynamic mesh conservation equations and spring-based smoothing method were used. A computing model of an 
isolated jet to validate this method, the max velocity of oscillation is 0.47 m/s, Renault number is 180 and the Strouhal 
number is 0.056. The simulation results of different phases show that a shear layer is formed at the orifice edge and the 
shear layer rolls up to form a vortex ring, then fluid nearby the orifice enters into the cavity, and the vortex pair moves 
away from the orifice under its own momentum when the membrane moves to the bottom position. The suction process 
is affected by the outside vortex ring, and the second vortex pair impacts acutely the vortex ring outside. Comparing 
with other similar examples, the results show that the flow structure and action mechanism of synthetic jet flow are 
reasonable, and therefore this method could be used to simulate two-dimensional synthetic jet flow. 
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Nomenclature 
A amplitude (m) 
d width of the orifice (m) 
f frequency (hz)  
L0 stroke length (m) 
Re Reynolds number 
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St Strouhal number 
T cycle (s, 1/f) 
)(0 tu
&
 centerline velocity (m/s) 
M  angle of phase ( ° ) 
1. Introduction 
As shown in Fig.1, a typical synthetic jet actuator is a zero net mass flux jet, which consists of an 
oscillating membrane located at the bottom of a cavity having small orifice in the face opposite the 
membrane. As the results of sucking and blowing produced by the movement of diaphragm, the net mass 
flux is zero over one period. As a useful active flow control method, synthetic jet has more advantage such 
as reducing structural weight, operating costs and emissions. Recently, more experiment and numerical 
simulation about synthetic jet[1-8] are carrying out to get sufficient understanding of the interaction process 
and flow characteristic. 
Computational fluid dynamic(CFD) is an essential technology in understanding and predicting the flow 
characteristics of complex flow field, especially for new designs and flow conditions where experimental 
testing is difficult and expensive. In this note, a numerical simulation method using dynamic grid of CFD 
for two-dimensional Synthetic jet flow is developed, and numerical simulations are conducted to study 
synthetic jet flow structure and action mechanism.  
 
Fig.1. Schematic of a synthetic jet 
2. Numerical Method and Computing Model 
2.1. Numerical Method 
Structured or unstructured meshes offer different advantages for computing model. When geometries are 
complex, an unstructured mesh can often be created with far fewer cells than the equivalent mesh 
consisting of structured elements. Farther more, unstructured meshes offer many advantages for 
moderately-complex geometries. This is because an unstructured mesh allows cells to be clustered in 
selected regions of the flow domain, whereas structured mesh will generally force cells to be placed in 
regions where they are not needed. 
In this paper, a method named unstructured meshes with spring analogy [9] used to simulate the grids¶ 
movement of the computing model. The spring analogy model treated each interior edge of the mesh as a 
spring with certain stiffness. When any nodes on the boundary move as effect of the external force, the 
movement will be transferred trough the spring to other nodes, see Figure 2. All the nodes of flow regions 
would be moving under the action of spring analogy, and the velocity of nodes nearby the moving 
boundary is more quickly than that of far away from it. 
In the numerical programs, the mesh updated is:  
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Fig.2. Spring analogy method 
 
             
(a) (b) 
Fig.3. (a) Grids of reference [3]; (b) Present grids 
where ix  and jx  denote respectively the original position of nodes( i  and j ), ijk  is the stiffness of 
the spring between two nodes( i  and j ). 
t
ix  and 
tt
ix
'
are respectively the position vectors of node(i) at 
time of t  and tt ' . 
Time-average incompressible Navier-Stokes equation is used to simulate the flow in synthetic jet. The 
time derivative term is used a first-order implicit scheme, viscidity term is used a first-order backward 
difference formula, and one equation Spalart-Allmaras turbulence model is chose to compute turbulent flow. 
All the boundary wall are non-slip and adiabatic, and outfield boundary is dealt with by extrapolation 
method. When boundary is moving, the integral form of the conservation equation on an arbitrary control 
volume, V ,can be written as 
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Where I  is a general scalar, Vw is used to represent the boundary of the control volume V, dF  is infinitesimal area of the control 
volume¶s surface, U is the fluid density, u is the flow velocity vector, gu  is the grid velocity of the moving mesh, I*  is the 
diffusion coefficient and IS  is the source term of I .  
Table 1.  Comparison of computing conditions 
 Reference [10] Present 
Domain size unknow 30 mmh40mm 
Cavity size 20 mmh5 mm 20 mmh5 mm 
Orifice width d  1 mm 1 mm 
Orifice depth h  1 mm 1 mm 
Frequency of oscillation f 150Hz 150 Hz 
Amplitude of diaphragm A Ĭ0.5 mm 0.5 mm 
Curve of diaphragm y unknow ax2+bx+c 
 
Where )(0 tu  is mean velocity of jet through the orifice, T is the time of oscillation in one cycle, d is 
orifice width, U  and P  are respectively density and viscidity of fluid. The equation of oscillation 
movement is: 
jtyyfub )cos()(4 0 Z  
where cbxaxy  2 , is the curve of diaphragm and fSZ 2  ( Tf 1 , the frequency of 
oscillation) is the angular velocity. Also a, b and c were assigned, in this paper: 
00  y  
854.7 a , 005.0 b , 006.0 c  
 
Figure 3 shows the dynamic grid movement for the typical synthetic jet geometry of reference [10] and 
this paper. 
2.2. Computing Model 
Computing model come from the reference [10], an example of Professor N. Qin, University of 
Sheffield, UK. Approximations of outfield and curve of diaphragm are used because they are unknown in 
the paper. Table 1 shows the comparison of computing conditions between reference [10] and this paper. 
The max velocity of oscillation is 0.47 m/s, the Renault number is 180 and the Strouhal number is 0.056. 
They are given by equations: 
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3. Validation and Discussion 
Simulation was performed to validate the methods and the behavior of an isolated jet was characterized. 
As mentioned above, approximations of outfield and curve of diaphragm are used so that the computing 
results are different. In this paper, vortices magnitude and streamlines pattern are presented (Fig.4 & 5). 
Fluid is expelled through the orifice when phase is 90e, a shear layer is formed at the orifice edge and 
the shear layer rolls up to form a vortex ring, which are similar with the vortices magnitude in Fig.4 (b). 
When phase is 180e, the membrane moves downwards, fluid nearby the orifice enters into the cavity, and 
the vortex pair moves away from the orifice under its own momentum. The velocity of the vortex pair 
moving is smaller than that of reference [10], because the parameters is changed (In this note, the outfield, 
amplitude and curve of diaphragm are different, Re=180 & St=0.056,). It is evident when phase is 270e, 
the membrane moves to the bottom position. The suction process is affected by the outside vortex ring, 
which is not far enough from the cavity (Fig.4 & 5). When phase is 360e, the membrane moves to the 
original position and fluid spurts out again. The second vortex pair impacts acutely the vortex ring outside, 
and the fluid field and streamlines pattern (Fig.5 d) are changed obviously. 
To sum up, the vortices magnitude and streamlines pattern show that the flow structure and action 
mechanism of synthetic jet are reasonable in the µblow¶ and µsuck¶ actuation circle. The unstructured 
meshes method with spring analogy is useful to simulate the behavior of an isolated synthetic jet. 
 
 
 
(a) 
 
 
 
 
 
 
 
(b) 
Fig.4. Vortices magnitude of the first cycle (a) Result of reference [10]; (b) Present result 
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Fig.5. Streamlines pattern of the first cycle 
4. Conclusion 
In this paper, we introduced a method named unstructured meshes with spring analogy for two-
dimensional synthetic jet flow. Numerical simulations of synthetic jet flow are conducted to validate the 
method with time-average incompressible Navier-Stokes and dynamic grid conservation equations. 
Compared with other similar examples, the results show that the flow structure and action mechanism of 
synthetic jet flow are reasonable, and the method could be used to simulate 2D synthetic jet flow. 
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